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TITLE OF THE INVENTION 
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CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application is a divisional of application Serial No. 09/617,692, filed 
July 17, 2000, pending. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH 

OR DEVELOPMENT 

[0002] This invention was made with United States Government support under contract 

No. DABT63-97-C-0001 awarded by the Advanced Research Projects Agency (ARPA). The 

United States Government has certain rights in this invention. 

BACKGROUND OF THE INVENTION 

[0003] Field of the Invention: This invention relates generally to methods for forming a 
uniform layer of material on a substrate, such as a semiconductor wafer. More particularly, the 
invention relates to a polishing pad for chemical mechanical polishing (CMP), a polishing 
apparatus, and methods for using the same. 

[0004] State of the Art: In the fabrication of semiconductor devices, it is often 
necessary to planarize or polish material layers of an intermediate semiconductor structure before 
the intermediate device may be subjected to further process steps, such as, for example, 
deposition, patterning, or etching steps. Planarization is used to achieve material layers of 
uniform thickness and to remove undesirable surface topography, scratches, roughness, 
embedded particles, or other defects which may adversely effect the consistency or effectiveness 
of subsequent process steps. One of the most widely utilized planarization processes is CMP. 

[0005] CMP is an abrasive planarization process which generally involves agitating a 
material layer to be polished against a wetted polishing surface under controlled chemical, 
pressure, and temperature conditions. FIG. 1 A shows an exemplary CMP apparatus 10 having a 
rotatable platen, or table 12, and a polishing pad 14 mounted to a top surface 16 of the rotatable 
table 12. A carrier film (not illustrated in FIG. 1 A) may also be placed between the polishing 
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pad 14 and the top surface 16 of the rotatable table 12 to protect the top surface 16 of the 
rotatable table 12. Such a film may be provided to protect the top surface 16 of the rotatable 
table 12 from scratches and chemical degradation or contamination. 

[0006] The CMP apparatus of FIG. 1 A also includes a rotatable substrate carrier 18 
configured to hold a semiconductor substrate 20 (such as, by way of example, a silicon wafer) 
bearing a material layer 25 to be polished. The substrate carrier 18 exerts a downward force, 
indicated by arrow 22, normal to the surface 24 of the material layer 25 to be polished, creating a 
pressure between the surface 24 of the material layer 25 to be polished and the polishing 
surface 26 of the polishing pad 14. The rotatable substrate carrier 18 may be designed to exert 
varying amounts of force against the semiconductor substrate 20 and may utilize various, well- 
known technologies, such as mechanical affixation, vacuum affixation, frictional affixation, or 
any other suitable technique, to hold the semiconductor substrate 20 in place during polishing. 

[0007] As is also shown in FIG. 1A, both the rotatable substrate carrier 18 and the 
rotatable table 12 may be rotated or otherwise placed in motion to provide the agitation necessary 
for polishing. The rotatable table 12 is rotated in a first direction 28 by a first known mechanical 
assembly 30, such as, for example, a first electric motor. The rotatable substrate carrier 18 may 
be rotated in a second direction 32 by a second known mechanical assembly 34, such as, for 
example, a second electric motor. The second direction 32 may be the same rotational direction 
as the first direction 28. Moreover, the substrate carrier 18 may provide further agitation through 
movement in a plane, indicated by arrow 36, parallel to the top surface 16 of the rotatable 
table 12. 

[0008] FIG. IB illustrates an alternative CMP apparatus that does not employ a 
rotatable platen. Instead, the CMP apparatus of FIG. IB includes a linear polisher 2 and a 
substrate carrier 3 for holding the substrate 4 to be polished. The linear polisher 2 includes an 
endless belt 5, which is movable in a continuous path and is supported by a belt support 6. A 
polishing pad 7 is attached to the endless belt 5, and the polishing pad 7 is positioned to engage 
the substrate surface 8. The polishing pad 7 is moved in a linear direction relative to the 
substrate 4, and in order for polishing to occur at random incidence, the substrate carrier 3 
preferably rotates the substrate 4 relative to the polishing pad 7 affixed to the endless belt 5. 
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CMP machinery including linear polishing mechanisms are currently thought to provide 
improved polishing relative to machinery utilizing rotatable polishing tables. 

[0009] Regardless of the machinery used, as is illustrated in FIG. 1A, a wetting 
agent 38, generally a chemical slurry 40, is often supplied through a conduit 42 and onto the 
polishing surface 26 of the polishing pad 14. The wetting agent 38 generally contains a polishing 
agent, such as alumina, silica, or fused silica, carried in an ammonium hydroxide solution or the 
like, which serves as an abrasive material. Additionally, the wetting agent 38 may contain other 
chemicals which selectively etch or degrade particular features of the material layer 25 to be 
polished. However, as the dimensions of features included in state of the art semiconductor 
devices shrink, chemically active slurries have fallen out of favor in some CMP applications, as it 
is very difficult to control the etch rate of chemically active constituents during a CMP process. 
Therefore, as used in the context of the present invention, the terms "chemical mechanical 
polishing" and "CMP" indicate abrasive polishing processes that employ chemically inert 
slurries, as well as polishing processes employing chemically active slurries. 

[0010] The effect of CMP is illustrated in FIGs. 2 through 4. Each of these figures 
illustrate an incomplete semiconductor device 44 before or after undergoing CMP. However, the 
application of CMP processes is not limited to incomplete semiconductor devices having the 
characteristics illustrated in FIGs. 2 through 4. As is well-known by those of ordinary skill in the 
art, CMP processes may be applied to a wide range of semiconductor devices at various stages of 
fabrication. Moreover, as is also well-known, CMP process parameters are variable, depending 
on the desired result and the characteristics of the substrate being polished. The structures and 
results depicted in FIGs. 2 through 4 are therefore provided for illustrative purposes only. 

[0011] FIG. 2 depicts an incomplete semiconductor device 44 including a portion of a 
semiconductor substrate 46, such as a wafer, a lower wiring layer 48, and a material layer 50, 
such as an interlayer dielectric film 50. Due to the topography created by the lower wiring 
layer 48, the upper surface 52 of the material layer 50 is irregular, including a plurality of 
peaks 54 and valleys 56. Before further processing occurs, however, it is desirable to eliminate 
the peaks 54 and valleys 56, creating a material layer having a planar surface and a uniform 
thickness (not shown in FIG. 2). 
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[0012] FIG. 3 illustrates the incomplete semiconductor device 44 of FIG. 2 after the 
incomplete semiconductor device 44 has undergone a desirable CMP process. Ideally, the CMP 
process results in a uniformly thick material layer 58 with a planar top surface 60, enabling 
subsequent process steps that consistently produce reliable device features. However, 
nonuniformity of polishing rate is a serious problem inherent in known CMP processes, and 
consistently achieving material layers having planar top surfaces and a uniform thickness across 
the entire surface of the material layer being polished has proven difficult. 

[0013] FIG. 4 illustrates the incomplete semiconductor device 44 of FIG. 2 following a 
more typical CMP process. At least in some areas of the polished surface, the nonuniform 
polishing rate of a typical CMP process results in an incomplete semiconductor device 44 having 
a nonuniform material layer 62 and a top surface 64 that slopes (greatly exaggerated for clarity) 
or is otherwise irregular. It must be emphasized, however, that FIG. 4 depicts only one type of 
irregularity caused by known CMP processes. The results obtained by any CMP process will 
depend on the material being polished, the unique characteristics of the features formed by the 
material being polished, and numerous process parameters such as the type of slurry, the amount 
of agitation, the material, the characteristics of the polishing pad, and the amount of pressure 
exerted between the material being polished and the polishing pad. 

[0014] However, in order to produce reliable, high-quality semiconductor devices, 
particularly in light of the decreasing feature size and increasing complexity of state-of-the-art 
semiconductor devices, CMP processes must produce polished material layers having uniform 
thicknesses across the entire semiconductor substrate. Among other problems, material layers 
exhibiting nonuniform thicknesses cause difficulty in depositing uniform resist layers, prevent 
photolithographic devices from accurately focusing a pattern over the surface of a resist layer to 
be processed, and often lead to over- or under-etching of desired device features. Thus, CMP 
processes providing a uniform polishing rate are an absolute necessity for fabrication of leading 
edge semiconductor devices including device features measuring approximately 0.18 microns, or 
less, and such processes will be invaluable as feature dimensions sink below current standards. 

[0015] It is believed that the nonuniform polishing rate of state-of-the-art CMP 

processes is at least partially due to nonuniform Von Mises stresses exerted between the 

polishing surface of the polishing pad and the semiconductor substrate surface being polished 
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(See, Von Mises Stress in Chemical-Mechanical Polishing Processes, D. Wang, J. Lee, K. 
Holland, T. Bibby, S. Beaudoin, and T. Cale, J. Electrochem. Soc, Vol. 144, No. 3, 
March 1997). As the material layer to be polished is placed in contact and agitated relative to the 
polishing surface of the polishing pad, the polishing pad and any material underlying the 
polishing pad, such as a carrier layer, deform in response to the surface topography of the 
material layer being polished as well as normal and shearing forces exerted during agitation. 
Nonuniform Von Mises stresses result from an accumulation of such deformation in the 
polishing pad and any material layers underlying the polishing pad, and nonuniform Von Mises 
stresses become particularly problematic at the peripheral edge of the surface of the material 
layer being polished. 

[0016] Several devices have been proposed to eliminate the nonuniform pressures 
believed to cause inconsistent polishing rates. For example, various polishing pads have been 
proposed which either incorporate a layer of elastic material or are mounted on a layer of elastic 
material. Such polishing pads are exemplified by the technologies disclosed in U.S. Patent 
No. 5,692,950 and Japanese Patent Disclosures Nos. 58-45861 and 57-23965. While the layers 
of elastic material disclosed in these references enable the polishing pad to more accurately 
conform to the global topography of the material surface being polished, the technologies 
disclosed in these references still produce nonuniform Von Mises stresses by allowing an 
accumulation of deformation of the polishing pad at the edge of the substrate surface being 
polished. This "edge effect" significantly reduces the polish rate at the edge of the surface being 
polished, thereby reducing the uniformity of the polished material layer, decreasing production 
yields, and potentially compromising long-term reliability of the devices ultimately fabricated. 

[0017] Other proposals aimed at increasing the polishing uniformity of CMP processes 
call for cells filled with a gas or liquid to be disposed between an upper surface of the rotatable 
table and a lower surface of the polishing pad. For example, U.S. Patent No. 5,664,989 and 
Japanese Patent Disclosures Nos. 5-285825 and 5-505769 each disclose the disposition of one or 
more cells filled with a gas or liquid between the polishing pad and the rotating table. However, 
these technologies also fail to adequately alleviate the nonuniformity of known CMP processes. 

[0018] The shortcomings of the technologies disclosed in U.S. Patent No. 5,664,989 

and Japanese Patent Disclosures Nos. 5-285825 and 5-505769 can be at least partially traced to 
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the physical characteristics of the gas or liquid filled cells themselves. First, the cells disclosed 
in these references are relatively fragile and susceptible to damage, especially when subjected to 
the chemical and mechanical stresses associated with CMP processes and the maintenance of 
CMP devices. Thus, the functional life of deformable CMP pads incorporating cells filled with a 
gas or liquid is relatively short. Second, deformable pads incorporating gas or liquid filled cells 
also allow nonuniform Von Mises stresses, resulting in undesirable edge effects, and the physical 
properties of gas or liquid filled cells are relatively difficult to modify or control. Thus, the 
deformable pads disclosed in U.S. Patent No. 5,664,989 and Japanese Patent Disclosures 
Nos. 5-285825 and 5-505769 are fragile, do not provide adequate polishing uniformity, and 
exhibit physical characteristics that are relatively difficult to modify for optimization of a variety 
of CMP processes. 

[0019] Therefore, it would be an improvement in the art to provide a durable and cost 
effective device that significantly enhances the polishing uniformity of CMP processes, 
substantially reduces any edge effects, and is easily tailored for application in a variety of CMP 
processes. 

SUMMARY OF THE INVENTION 
[0020] The present invention provides a deformable pad, a CMP apparatus, and 
methods of using the disclosed deformable pad and CMP apparatus that answer the foregoing 
needs. 

[0021] The deformable pad of the present invention includes a top surface, a bottom 
surface and a plurality of solid supports. The solid supports of the deformable pad are made of 
one or more solid materials and are capable of elastic deformation, allowing the deformable pad 
to deform without exerting significantly different pressures across the surface of a material layer 
being polished. As used in the context of this invention, the term "solid" excludes materials 
including entrapped cells of gas or liquid, such as foamed materials. The solid supports of the 
deformable pad of the present invention are, therefore, durable and easily withstand the 
mechanical and chemical stresses experienced during CMP processes and the maintenance of 
CMP machinery. Moreover, because each of the solid supports included in the deformable pad is 
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isolated, the deformable pad of the present invention effectively inhibits the edge effects caused 
by other known deformable CMP pads. 

[0022] In addition, the design of the deformable pad of the present invention is highly 
variable. For example, the deformable pad may include only a plurality of solid supports, or the 
deformable pad may include a plurality of solid supports attached to a ventral layer, a dorsal 
layer, or both ventral and dorsal layers. Further, the size, shape, quantity, distribution, and 
material composition of the solid supports included in a deformable pad of the present invention 
can be easily varied in order to optimize polishing uniformity in a variety of CMP applications. 
The deformable pad of the present invention, therefore, provides a durable and cost effective 
device that significantly enhances the polishing uniformity of CMP processes, substantially 
reduces any edge effects, and is easily tailored for application in a variety of CMP processes. 

[0023] The CMP apparatus of the present invention includes a deformable pad of the 
present invention used in conjunction with known polishing machinery. For example, the 
polishing apparatus of the present invention may include a polishing table including an upper 
surface, a deformable pad of the present invention, and a polishing pad including a bottom 
surface and a polishing surface. The deformable pad of the present invention is disposed 
between the upper surface of the polishing table and the bottom surface of the polishing pad, 
thereby enabling the polishing surface of the polishing pad to conform to the topography of the 
surface of the material layer of a substrate being polished. The CMP apparatus of the present 
invention may also include further features, such as a first mechanical assembly for driving the 
polishing table, a substrate carrier, a second mechanical assembly for driving the substrate 
carrier, as well as a carrier film disposed between the deformable pad of the present invention 
and the polishing pad. As will be apparent to those of skill in the art, the CMP apparatus of the 
present invention may be tailored to suit the process parameters of various CMP processes. 

[0024] Alternatively, the polishing apparatus of the present invention may include a 

linear polisher. A linear polishing apparatus of the present invention includes a continuous belt 

having upper and lower surfaces and a deformable pad of the present invention attached to the 

upper surface of the continuous belt. A polishing pad is attached to the deformable pad of the 

present invention and is, therefore, movable along with the continuous belt in a continuous, 

linear path. A linear polishing apparatus of the present invention also includes a substrate carrier. 
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In a preferred embodiment, the substrate carrier of a linear polishing apparatus of the invention 
rotates as the continuous belt and associated deformable pad and polishing pad are placed in 
motion relative to the substrate being polished. 

[0025] The present invention also includes a method for CMP. The method of the 
present invention requires providing a deformable pad according to the present invention and 
may include providing a CMP apparatus of the present invention. The method of the present 
invention further includes providing a polishing pad and a substrate to be polished, and rotating, 
or otherwise placing in motion, the polishing pad relative to the substrate to be polished, the 
substrate relative to the polishing pad, or placing both the polishing pad and substrate in motion. 
Again, as will be appreciated by those of skill in the art, the parameters of the process of the 
present invention may be adapted to suit a wide spectrum of CMP needs. 

[0026] Other features and advantages of the present invention will become apparent to 
those of skill in the art through a consideration of the ensuing description, the accompanying 
drawings, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 1 A provides a schematic representation of a first conventional CMP 
apparatus as is known in the art. 

[0028] FIG. IB provides a schematic representation of a second conventional CMP 
apparatus as is known in the art. 

[0029] FIG. 2 provides a schematic representation of a cross section of a portion of an 
intermediate semiconductor device formed on a semiconductor substrate, such as a wafer. 

[0030] FIG. 3 schematically illustrates the intermediate device of FIG. 2 after such 
device has undergone a desirable CMP process. 

[0031] FIG. 4 schematically illustrates the intermediate device of FIG. 2 after such 
device has undergone an unsatisfactory CMP process. 

[0032] FIG. 5 provides a schematic depiction of a cross section of a portion of a 
polishing table useful for CMP and having a first embodiment of the deformable pad of the 
present invention attached thereto. 
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[0033] FIG. 6 provides a schematic illustration of a cross section of a portion of a 
polishing table useful for CMP having a carrier film, a first embodiment of the deformable pad of 
the present invention, and a polishing pad attached thereto. 

[0034] FIG. 7 provides a schematic illustration of a cross section of a portion of a 
polishing table useful for CMP having a deformable pad according to a second embodiment of 
the deformable pad of the present invention attached thereto. 

[0035] FIG. 8 provides a schematic illustration of a deformable pad according to the 
second embodiment of the deformable pad of the present invention having a ventral layer formed 
integrally with a plurality of solid supports and being indirectly attached to the upper surface of a 
polishing table useful in CMP processing. 

[0036] FIG. 9 provides a schematic illustration of a cross section of a portion of a 
polishing table useful for CMP processing having a deformable pad according to a third 
embodiment of the deformable pad of the present invention attached thereto. 

[0037] FIG. 10 provides a schematic illustration of a deformable pad according to the 
third embodiment of the deformable pad of the present invention having a dorsal layer formed 
integrally with a plurality of solid supports and being attached to the upper surface of a polishing 
table useful in CMP processing. 

[0038] FIG. 11 provides a schematic illustration of a cross section of a portion of a 
polishing table useful for CMP processing having a deformable pad according to a fourth 
embodiment of the deformable pad of the present invention attached thereto. 

[0039] FIG. 12 schematically illustrates a first embodiment of the CMP apparatus 
according to the present invention including a deformable pad according to the fourth 
embodiment of the deformable pad of the present invention. 

[0040] FIG. 13 schematically illustrates a second embodiment of the CMP apparatus 
according to the present invention including a deformable pad according to the fourth 
embodiment of the deformable pad of the present invention. 

[0041] FIG. 14 schematically illustrates solid supports fabricated of more than one solid 
material for use in a deformable pad of the present invention. 
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[0042] FIG. 15 schematically illustrates first and second deformable pads according to 
the present invention. The first deformable pad includes more solid supports per unit area than 
the second deformable pad. 

[0043] FIG. 16 provides a schematic illustration of a deformable pad of the present 
invention including a plurality of solid supports distributed in varying densities. 

[0044] FIG. 17 schematically illustrates top views of various differently shaped solid 
supports for use in a deformable pad of the present invention. 

[0045] FIG. 18 schematically illustrates side views of additional differently shaped 
solid supports for use in a deformable pad of the present invention. 

[0046] FIG. 19 provides a schematic illustration of a deformable pad of the present 
invention including a plurality of irregularly shaped solid supports. 

[0047] FIG. 20 schematically illustrates a deformable pad of the present invention 
including a first plurality of solid supports having a first size and a second plurality of solid 
supports having a second size. 

[0048] FIG. 21 schematically illustrates a deformable pad of the present invention 
including a first plurality of solid supports having a first shape and a second plurality of solid 
supports having a second shape. 

[0049] FIG. 22 provides a schematic illustration of a deformable pad of the present 
invention having a first plurality of solid supports of a first material composition and a second 
plurality of solid supports of a second material composition. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0050] The present invention includes a deformable pad useful in CMP processes. The 

deformable pad of the present invention may be sized and shaped as desired and includes top and 

bottom surfaces and a plurality of solid supports. Moreover, the physical properties of the 

deformable pad of the present invention are easily tailored to optimize polishing uniformity in a 

variety of CMP applications. The deformable pad of the present invention is therefore broadly 

applicable to a wide variety of CMP processes. 

[0051] A portion of a CMP apparatus having a first embodiment of the deformable pad 

of the present invention attached thereto is illustrated in FIG. 5. In the first embodiment, the top 
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surface and bottom surface of the deformable pad 70 are discontinuous. In such an embodiment, 
the deformable pad of the present invention includes only a plurality of solid supports 76, with 
the top surfaces 78 of the solid supports 76 forming the discontinuous top surface 72 of the 
deformable pad 70 and the bottom surfaces 80 of the solid supports 76 forming the discontinuous 
bottom surface 74 of the deformable pad 70. Where the deformable pad 70 of the present 
invention includes only a plurality of solid supports 76, the top surfaces 78 of the solid 
supports 76 forming the discontinuous top surface 72 of the deformable pad 70 are attached 
directly to the lower surface 82 of a polishing pad 84 by means known in the art, such as double- 
sided tape or, preferably, pressure sensitive adhesive, and the bottom surfaces 80 of the plurality 
of solid supports 76 forming the discontinuous bottom surface 74 of the deformable pad 70 are 
indirectly or directly attached to the upper surface 86 of a polishing table 88 using known 
attachment means such as those used to attach the discontinuous top surface 72 of the deformable 
pad 70 to the lower surface 82 of the polishing pad 84. 

[0052] FIG. 5 illustrates the direct attachment of the bottom surfaces 80 of the plurality 
of solid supports 76 to the upper surface 86 of the polishing table 88. However, as mentioned, 
the bottom surfaces 80 of the plurality of solid supports 76 may also be indirectly attached to the 
upper surface 86 of the polishing table 88. For example, as shown in FIG. 6, an additional layer 
of material 90, such as a protective RODEL® SUB A IV pad, may be directly attached to the 
upper surface 86 of the polishing table 88 in order to prevent scratching or degradation of the 
upper surface 86. Where an additional layer of material 90 is included on the upper surface 86 of 
the polishing table 88, the bottom surfaces 80 of the plurality of solid supports 76 are attached to 
an upper surface 92 of the additional layer of material 90, thereby indirectly attaching the 
discontinuous bottom surface 74 of the deformable pad 70 to the upper surface 86 of the 
polishing table 88. The discontinuous bottom surface 74 of the deformable pad 70 may be 
attached to the upper surface 92 of the additional layer of material 90 using known means such as 
those already discussed. 

[0053] FIG. 7 illustrates a second embodiment of the deformable pad 94 of the present 

invention. In this embodiment, the deformable pad 94 includes a ventral layer 96 having a top 

surface 98 and a continuous bottom surface 100. The deformable pad also includes a plurality of 

solid supports 102 having top surfaces 104 and bottom surfaces 106. The bottom surfaces 106 of 
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the plurality of solid supports 102 are attached to the top surface 98 of the ventral layer 96 using 
known means, such as, preferably, pressure sensitive adhesive. Alternatively, as is shown in 
FIG. 8, the plurality of solid supports 102 may be formed integrally with the ventral layer 96. 

[0054] The ventral layer of the deformable pad of the present invention may be 
fabricated using a variety of materials. For example, the ventral layer may be fabricated using 
natural or synthetic rubbers, thermoplastic elastomers, or woven or unwoven fabrics, including 
impregnated fabrics, such as polyurethane impregnated felt. Additionally, the ventral layer may 
include nonresilient materials, such as organic or inorganic polymers, ceramics, metals, such as 
aluminum, stainless steel, and copper, or reinforced organic or inorganic polymers or, preferably, 
pressure sensitive adhesive. However, such materials are provided for example only. As can be 
appreciated by one of ordinary skill in the art, the ventral layer may be fabricated of any number 
of materials chosen to optimize performance characteristics such as resiliency, stiffness, 
durability, or adhesion. Moreover, the ventral layer may be a composite material including two 
or more materials or material layers. Ventral layers composed of composite materials may be 
formed to provide performance characteristics not available from any one material. 

[0055] As can be seen in FIG. 7 and FIG. 8, a deformable pad 94 according to the 

second embodiment is disposed between the upper surface 86 of a polishing table 88 and the 

lower surface 82 of a polishing pad 84. The discontinuous top surface of the deformable pad 94 

is formed by the top surfaces 104 of each of the solid supports 102 and is attached directly to the 

lower surface 82 of a polishing pad 84 by known means such as those discussed in relation to the 

first embodiment. However, instead of a discontinuous bottom surface, the ventral layer 96 

includes a continuous bottom surface 100, which also forms the bottom surface of the 

deformable pad 94 according to the second embodiment. The continuous bottom surface 100 of 

the ventral layer 96 may be directly attached to the upper surface 86 of the polishing table 88 (as 

shown in FIG. 7), or, where an additional layer of material is included, such as, for example, a 

protective RODEL® SUBA IV pad, the continuous bottom surface 100 of the ventral layer 96 

may be indirectly attached to the upper surface 86 (as shown in FIG. 8) through attachment to an 

upper surface of the additional layer of material. Again, known means such as those discussed in 

relation to the first embodiment may be used to directly or indirectly attach the continuous 

bottom surface 100 of the ventral layer 96 to the upper surface 86 of the polishing table 88. 
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[0056] Instead of having a ventral layer forming a continuous bottom surface, a third 
embodiment of the deformable pad 95 (shown in FIG. 9) of the present invention includes a 
dorsal layer 97 forming a continuous top surface 99, a plurality of solid supports 101, each of the 
solid supports 101 having a top surface 103 and a bottom surface 105, and a discontinuous 
bottom surface 107 formed by the bottom surfaces 105 of the solid supports 101. The solid 
supports 101 of the third embodiment of the deformable pad 95 of the present invention may also 
be formed integrally with the dorsal layer 97, as is shown in FIG. 10. 

[0057] As was true of the ventral layer of the second embodiment, the dorsal layer of 
the third embodiment may be fabricated using a variety of materials. However, the dorsal layer 
must be fabricated of flexible or resilient materials, such as natural or synthetic rubbers, 
thermoplastic elastomers, or woven or unwoven fabrics, including impregnated fabrics, such as 
polyurethane impregnated felt. It must be noted, however, that these materials are provided for 
example only. Any suitable material providing desired physical characteristics, such as, for 
example, durability, elasticity, or chemical resistance, may be used to fabricate the dorsal layer of 
the third embodiment. As was true with the ventral layer described in relation to the second 
embodiment of the deformable pad, the dorsal layer may also be a composite material including 
two or more materials or material layers. 

[0058] In yet a fourth embodiment, illustrated in FIG. 1 1, the deformable pad 108 of the 
present invention includes a dorsal layer 1 10, a ventral layer 1 12, and a plurality of solid 
supports 1 14. As can be seen in FIG. 1 1, the solid supports 1 14 of the fourth embodiment are 
disposed between the dorsal and ventral layers 1 10, 1 12. The bottom surfaces 1 16 of the solid 
supports 1 14 are attached to the top surface 1 18 of the ventral layer 112, and the top surfaces 120 
of the solid supports 1 14 are attached to the bottom surface 122 of the dorsal layer 1 10. 
Alternatively, the solid supports 1 14 may be formed integrally with the dorsal layer 1 10, the 
ventral layer 1 12, or both the dorsal layer 110 and ventral layer 112. Where the top surfaces 120 
or bottom surfaces 1 16 of solid supports 114 must be attached to either the ventral layer 1 12 or 
dorsal layer 1 10, any suitable attachment means, such as those discussed in relation to the second 
and third embodiments, may be used. 

[0059] As is easily understood by reference to FIG. 1 1, the dorsal layer 1 10 and the 

ventral layer 1 12 of the fourth embodiment provide a continuous top surface 126 and bottom 
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surface 128, respectively. Therefore, the deformable pad 108 of the fourth embodiment includes 
continuous top and bottom surfaces 126, 128, and the deformable pad 108 of the present 
invention may be directly or indirectly attached to a polishing pad or to the upper surface of a 
polishing table by known means and methods, such as those discussed in relation to the 
preceding embodiments. 

[0060] The ventral and dorsal layers 110, 1 12 of the deformable pad 108 according to 
the fourth embodiment may be formed of any suitable material. For example, those materials 
discussed in relation to the Ventral layer and dorsal layers of the preceding embodiments may 
also be used to form the dorsal and ventral layers 1 10, 1 12 of the fourth embodiment. Again, 
however, such materials are provided for example only, and one of ordinary skill in the art will 
appreciate that any material providing desired physical characteristics, such as desired resiliency, 
stiffness, durability, etc. may be used. Advantageously, the physical characteristics of the dorsal 
layer and the ventral layer may be varied to provide, in combination, desired performance 
characteristics that may not be otherwise obtainable using only a ventral layer or a dorsal layer. 
Moreover, the ventral and dorsal layers may be composite layers fabricated from two or more 
materials or material layers that together provide physical characteristics that would be difficult 
or impossible to achieve using a single material. 

[0061] Though each of the embodiments of the deformable pad of the present invention 
is illustrated as it may be used in conjunction with polishing machinery including a rotatable 
polishing table, such illustrations do not limit the application of the deformable pad of the 
present invention. Each of the embodiments of the deformable pad of the present invention may 
also be used in conjunction with linear polishing machinery or any other polishing apparatus 
where a deformable pad of the present invention may be used to provide enhanced polishing 
uniformity. 

[0062] As can be seen in FIG. 5 through FIG. 11, each of the embodiments of the 

deformable pad of the present invention includes a plurality of solid supports, and each of the 

solid supports is isolated from the other solid supports included in the deformable pad. Isolation 

of each of the solid supports is functionally significant because such isolation substantially 

blocks the formation of nonuniform Von Mises stresses by eliminating accumulation of 

deformation of the polishing pad at the edges of the surface of the material layer being polished. 
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Unlike a continuous layer of resilient material or a matrix of material including a plurality of gas 
or liquid filled cells therein, both of which approaches allow transmission and accumulation of 
mechanical stresses and material deformation, the isolated supports of the deformable pad of the 
present invention form a discontinuous layer of resilient material which prevents transmission 
and accumulation of stress and material deformation. Therefore, the deformable pad of the 
present invention substantially eliminates accumulation of nonuniform Von Mises stresses across 
the surface of the material layer being polished, thereby substantially eliminating any resultant 
edge effects. 

[0063] In each of the embodiments of the deformable pad of the present invention, the 
solid supports are easily adaptable to optimize the polishing rate and uniformity of polishing in 
virtually any CMP process. The solid supports included in each of the embodiments of the 
deformable pad of the present invention are made of a solid material, and solid materials exhibit 
a wider array of easily controlled physical properties relative to fluid or gas filled cushions. 
Again, as it is used in the context of the present invention, the term "solid" excludes materials 
incorporating cells of gas or liquid within the matrix of the material. Thus, as it is used in the 
context of this invention, the term "solid" excludes foamed materials. 

[0064] Yet, numerous materials are suitable for use in formation of the solid supports 
of the deformable pad of the present invention. For example, resilient materials, such as natural 
or synthetic rubbers, thermoplastic elastomers, or impregnated fabrics, such as polyurethane 
impregnated felt may all be used to create the solid supports of the deformable pad of the present 
invention. The physical characteristics of the solid supports of the deformable pad of the present 
invention are, therefore, easily modified simply by changing the solid material used to form the 
solid supports. 

[0065] The physical characteristics of the solid supports of the deformable pad of the 

present invention may also be altered by adjusting the physical characteristics of the solid 

material used to fabricate the solid supports or by forming the solid supports using more than one 

solid material. For example, as is known in the art, a particular material may be fabricated in 

varying densities to provide solid supports which are more or less resilient, or, alternatively, the 

density of the material used in each solid support may be prepared such that the material is 

progressively more or less dense, thereby providing a progressive resilience. 
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[0066] Alternatively, solid supports having desired physical characteristics may be 
achieved by forming the solid supports out of more than one solid material. For example, as is 
illustrated in FIG. 14, a solid support 190 of a deformable pad 191 of the present invention may 
include a core material 192 exhibiting a first set of physical properties surrounded by a casing 
material 193 exhibiting a second set of physical properties, or a solid support 194 may be formed 
by stacking two or more different solid materials 195, 196 exhibiting different physical 
characteristics. Further, a solid support 197 may be formed using a first solid material 198 
wrapped in a second peripheral solid material 199. The solid supports may be fabricated using a 
composite of two or more resilient materials or one or more resilient materials combined with 
one or more nonresilient materials, such as organic or inorganic polymers, ceramics, or metals, 
such as aluminum, stainless steel, and copper. Composite solid supports, such as those 
illustrated in FIG. 14, may be used to achieve solid supports exhibiting one or more desired 
physical characteristics not achievable through use of a single solid material. 

[0067] Any combination of solid supports may be used within a deformable pad of the 
present invention in order to optimize uniformity of polishing in a variety of contexts. For 
example, a deformable pad of the present invention may include a plurality of solid supports 
made from a single solid material, or, alternatively, a deformable pad of the present invention 
may include a plurality of solid supports including only composite solid supports, such as those 
illustrated in FIG. 14, or a deformable pad of the present invention may include a plurality of 
solid supports including one or more solid supports formed of a single material as well as one or 
more composite solid supports. As should be easily appreciated by one of skill in the art, the 
physical characteristics of a deformable pad of the present invention can be modified to suit a 
variety of CMP applications simply by altering the solid material(s) used to form the solid 
supports of the deformable pad. 

[0068] The physical characteristics of a deformable pad of the present invention may 

also be modified by altering the distribution of the solid supports included in the deformable pad. 

For example, a first deformable pad 210 (FIG. 15) including more solid supports 218 per unit 

area will tend to be less resilient than a second deformable pad 214 fabricated of similar 

materials but having less solid supports 218 per unit area. Additionally, as can be seen in 

FIG. 16, a deformable pad 216 of the present invention may include a plurality of the solid 
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supports 218 distributed in varying densities within the deformable pad 216. Those areas within 
the deformable pad 216 including more solid supports 218 per unit area will tend to be less 
resilient than those areas of the deformable pad 216 including less solid supports 218 per unit 
area. Altering the distribution of the solid supports included in the plurality of solid supports of a 
deformable pad of the present invention provides another means by which the physical 
characteristics of the deformable pad of the present invention may be optimized to enhance 
polishing uniformity in a variety of CMP applications. 

[0069] The size and shape of the solid supports included in a deformable pad of the 
present invention may also be varied in order alter or optimize the physical properties of the 
deformable pad. For example, as shown in FIG. 17, which schematically illustrates top views of 
various differently shaped solid supports, the solid supports of a deformable pad of the present 
invention may be multifaceted (i.e., pyramidal 218a and 218b, rectangular 218c, 
pentagonal 218d, hexagonal 218e, heptagonal 218f, octagonal 218g, or cylindrical 218h, etc.), or 
the solid supports may include flanges 219 or cutouts 220, as can be seen in solid supports 218i 
and 218j, respectively. In addition, FIG. 18 shows that the solid supports included in a 
deformable pad according to the present invention may be conical 218k or parabolic 2181 in 
shape, or the solid supports may be fabricated with a tapered waste, as can be seen in solid 
support 218m, a tapered bottom section, as can be seen in solid support 218n, or tapered top and 
bottom sections, as shown in solid support 218o. As can be further appreciated from reference to 
FIG. 19, the solid supports included in a deformable pad of the present invention may be formed 
using irregular shapes, such as solid supports 218 p, particularly where such irregular shapes 
enhance desired qualities of the deformable pad of the present invention. Finally, adjusting the 
height or width of each solid support will also result in solid supports of varying resiliency and 
durability. For example, a taller, thinner solid support will likely result in a solid support that is 
less resistant to shearing and compressive forces than a shorter, wider solid support made of the 
same material. Thus, the solid supports of the deformable pad of the present invention are 
exceedingly variable, and by varying the size or shape of the solid supports, deformable pads of 
varying resiliency and durability can be achieved. 

[0070] It should be understood that a deformable pad of the present invention may 

include a plurality of solid supports including only solid supports which are each made of the 
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same material and of uniform size and shape, or a deformable pad according to the present 
invention may include a plurality of solid supports including solid supports of different size, 
shape, or material make-up. For example, as is illustrated in FIG. 20, a deformable pad of the 
present invention may include a first plurality of solid supports 230 having a first size and a 
second plurality of second solid supports 232 having a second size. Alternatively, as is shown in 
FIG. 21, a deformable pad of the present invention may include a first plurality of solid 
supports 234 of a first shape and a second plurality of solid supports 236 of a second shape. In 
yet another alternative configuration illustrated in FIG. 22, a deformable pad of the present 
invention may include a first plurality of solid supports 238 of a first material, or a first set of 
materials, and a second plurality of solid supports 240 made of a second material, or a second set 
of materials. The plurality of solid supports included in each of the deformable pads of the 
present invention may include any number of combinations of solid supports of varying size, 
shape, or construction. Thus, by combining various different types of solid supports within a 
single deformable pad, a deformable pad according to the present invention may be fabricated for 
application in a variety of CMP applications. 

[0071] The deformable pad of the present invention is therefore highly variable in terms 
of achievable designs. The solid supports may be fabricated of numerous materials and may be 
sized, shaped, and distributed to suit a variety of CMP applications. Moreover, where the 
deformable pad of the present invention further includes dorsal or ventral layers, the potential 
variability of the physical properties of the deformable pad of the present invention increases. As 
will be understood by those of ordinary skill in the art, the flexibility in design of the deformable 
pad of the present invention makes enhanced polishing uniformity available in virtually all CMP 
applications. 

[0072] The present invention also includes a polishing apparatus useful in CMP, which 

incorporates a deformable pad of the present invention. The polishing apparatus of the present 

invention may further include known machinery used to carry out CMP processes. For example, 

FIG. 12 illustrates an exemplary polishing apparatus 130 according to the present invention 

which incorporates a deformable pad 108 according to the fourth embodiment of the deformable 

pad of the present invention and includes a polishing platen, or table 132, having an upper 

surface 134 and driven by a mechanical assembly 136 well-known in the art, such as an electric 
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motor. A deformable pad 108 according to the present invention is directly or indirectly attached 
to the upper surface 134 of the polishing table 132 by any suitable means, such as those already 
discussed. However, the upper surface 134 of the polishing table 132 may be covered by an 
additional layer of material 133, such as a protective SUB A IV layer produced by RODEL ®. As 
has been detailed, where an additional layer of material 133 is included on the upper surface 134 
of a polishing table 132, the deformable pad 108 is indirectly adhered to or attached to the upper 
surface 134 of the polishing table 132 by attaching the deformable pad 108 to the upper 
surface 137 of the additional layer of material 133. 

[0073] The exemplary polishing apparatus 130 illustrated in FIG. 12 also includes a 
polishing pad 142, as is known in the art, attached to the deformable pad 108 of the present 
invention. The polishing pad 142 may be any suitable polishing pad known in the art, such as a 
RODEL ® IC1000 polishing pad, and, as has been previously disclosed, the polishing pad 142 
may be attached to the deformable pad 108 by well-known means. Further, the polishing 
apparatus 130 may include a rotatable substrate carrier 138 which holds the semiconductor 
substrate 140 in place as the polishing pad 142 or the substrate carrier 138 rotates or otherwise 
agitates. The substrate carrier 138 of the polishing apparatus 130 may hold the semiconductor 
substrate 140 in place using well-known techniques. The substrate carrier 138 may be rotatable 
and may also provide agitation through movement in a plane (indicated by arrow 143) parallel to 
the upper surface 134 of the polishing table 132. The substrate carrier 138 may also be driven by 
any one of several known mechanical assemblies 144 known in the art. Additionally, the 
substrate carrier 138 is designed to exert a downward force (indicated by arrow 146) on the 
semiconductor substrate 140 substantially normal to the surface 148 of the material layer 150 of 
the semiconductor substrate 140 being polished, thereby generating a pressure between the 
surface 148 being polished and the polishing surface 151 of the polishing pad 142. 

[00741 Alternatively, as is shown in FIG. 13, the polishing apparatus of the present 

invention may include a linear polishing device. A linear polishing apparatus 250 of the present 

invention includes a continuous belt 252 having an upper surface 254 and a lower surface 256, as 

well as a belt support 257. A deformable pad 258 of the present invention is attached to the 

upper surface 254 of the continuous belt 252. A polishing pad 260 is attached to the deformable 

pad 258 of the present invention and is, therefore, movable along with the continuous belt 252 in 
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a continuous, linear path. The linear polishing apparatus 250 of the present invention also 
includes a substrate carrier 262. The substrate carrier 262 may hold a substrate 264 to be 
polished in place using any known technology, such as mechanical affixation, vacuum affixation, 
frictional affixation, or any other suitable technique. In a preferred embodiment, the substrate 
carrier 262 of the linear polishing apparatus 250 of the invention rotates as the continuous 
belt 252 and associated deformable pad 258 and polishing pad 260 are placed in motion relative 
to the substrate 264 being polished. 

[0075] As shown in FIG. 12, the polishing apparatus of the present invention may 
further include a conduit 152 for delivering a chemical slurry 154 to the polishing surface 151 of 
the polishing pad 142. Generally the chemical slurry 154 includes an abrasive planarizing agent 
carried in an ammonium hydroxide solution or the like (not illustrated in FIG. 12). However, the 
chemical slurry 154 may also include chemicals which etch various materials on the surface 148 
of the material layer 150 of the semiconductor substrate 140 to be polished. 

[0076] The present invention also includes a method for CMP. The method of the 
present invention includes providing a polishing apparatus having a deformable pad according to 
the present invention, as well as a polishing pad attached thereto. Again, the polishing pad may 
be any suitable polishing pad known in the art, such as the RODEL® IC1000. The method of the 
present invention further includes providing a semiconductor substrate having a surface to be 
polished. The surface to be polished is then brought into contact with the polishing pad and 
polished using well-known techniques until the desired planarity or uniformity is achieved. It 
will be appreciated by those of ordinary skill in the art that the method of the present invention is 
extremely flexible and may be adapted to accommodate virtually any CMP process. 

[0077] Though the devices and method of the present invention have been described 
herein with reference to specific examples, such examples are for illustrative purposes only. The 
scope of the present invention is defined by the appended claims and is, therefore, not limited by 
the preceding description and drawings. 
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